Abstract
Introduction
The levels of competitiveness and the ever higher demand in the sports field have entailed an increasing pursuit for alternatives which can improve athletes performance, especially of those who avoid using drugs or undergoing surgery (1, 2) . To compete at high levels structurally and functionally healthy tissue are required along with a neuromuscular coordination network. These factors directly contribute to a successful athletic career, where characteristics such as endurance, strength, flexibility and proprioception are paramount (3, 4) .
Among the various tools used in the sports realm, manual treatments come with a wide variety of techniques that can help enhance the athletes' performance. In this context, high-velocity low-amplitude manipulation (thrust) have been used to improve performance in soccer, athletics and golf athletes (5 -9) . This kind of handling is characterized by a fast and short pulse which is applied to the end of the synovial joints range of passive motion (10) .
In clinical practice, the thrust is used to control pain, to increase range of motion and spinal facilitation, and it can also enhance muscle strength and activation (11 -13) . The heating and functional optimization of the musculoskeletal structures are other added benefits gleaned from manipulation before competitions which can improve sports performance (14) .
Due to the increase in adhesion and use of manual therapy by athletes and sports therapists, respectively, several studies have evaluated the effects of thrust in athletic performance through variables that directly relate to the sporting gesture of each modality, such as: hand-grip strength, height of jump and running speed (2, 15, 16) . However, we have not found systematic reviews that addressed the issue. The objective of this systematic review is to evaluate the effect of thrust on the performance of athletes concerning the outcomes hand-grip strength, jump height and running speed.
Methods

Study design
The design of this systematic review was developed by utilizing the Preferred Reporting Items of guidelines for Systematic Reviews and Meta-Analyses (PRISMA). The PRISMA statement contains a checklist which was designed to be used as a basis for writing systematic reviews of randomized trials (17) .
Identification of studies
A systematic search of the literature was carried out through MEDLINE / PUBMED, LILACS, CINAHL, PEDro, WEB OF SCIENCE, CENTRAL and SCOPUS, with no restrictions as for the language and year of publication of the included studies. The following terms were used in isolation or in combination: "Sports", "Sports Medicine", "Athletes", "Athletic Performance", "Athletic Injuries", "Manipulation, Osteopathic", "Manipulation, Chiropractic", "Manipulation, Spinal", "Manipulation, Orthopedic", "Musculoskeletal Manipulations" and "Randomized Controlled Trial".
The last search was conducted on the first day of August 2014 and the search strategies developed for each database are described in Appendix 1. The references of the articles included in order to track other promising, eligible trials were also checked.
The eligibility criteria used in this study are described in Figure 1 . Trials with samples not constituted of athletes were not included. The outcomes taken into consideration were: vertical jump height, hand-grip strength and running speed. 
Study selection
The study selection protocol was composed by the assessment of titles and subsequent abstracts, followed by careful analysis regarding eligibility exacted through the reading of full text. The search was performed by two independent reviewers (R.M.S. and M.S.C.), and if there were disagreement between the two reviewers, the opinion of a third reviewer was requested (A.G.M.F.). The following data which were extracted from the articles included: author (s); year of publication; aims; intervention; control; outcome(s); "follow up"; results; conclusion.
Quality assessment of studies
The study quality was assessed individually through PEDro scale (18) , which displays good levels of validity and reliability (19 -21) . This scale determines the risk of bias and reports to the statistical procedure utilized in clinical trials. Eleven items are considered on the scale: eligibility criteria; randomization of sample; allocation concealment; similar groups in the "baseline"; blinding of participants; blinding of the therapists; blinding of assessors; measurement of at least one key outcome obtained in over 85% of subjects initially distributed by groups; intention-to-treat analysis; intergroup comparison; measurement of treatment effect and variability. The first item in the scale (eligibility criteria) was not scored due to its being associated with external validation. The total score varies therefore between 0-10 points. So it is believed that the higher the score, the better the quality of the methodological study. Studies with high risk of bias (score < 6) were considered to be of low methodological quality (22) .
Data related to the trial registration, funding, sample size calculation and primary outcome were also extracted. These four items are part of the "CONSORT Statement" and they translate into more transparency and methodological quality (17) .
Measurement of outcomes
Data were extracted for the following outcomes: vertical jump height, hand-grip strength and running speed. To determine the effects of the intervention, the mean difference between the groups and the respective confidence interval (95%) were obtained. PEDro Site confidence interval calculator was used when the confidence interval was not shown in the articles.
Data analysis
Data analysis was performed in a descriptive way due to the heterogeneity between the studies concerning the location where handling was held and sports modality practiced.
To characterize the groups, the variables sport modality, age and sample size were utilized. To characterize the intervention, duration, body area, and technical application of frequency were used.
Results
Articles flow throughout the review
The applied search strategy revealed the presence of 259 studies. Of those, only five were eligible for the analysis. The study selection flowchart is shown in Figure 2 . 
Description of studies
The five articles included were published between the years 2006 and 2014. The sample size ranged from 17 to 24 volunteers. The total sample consisted of 95 individuals of both genders. The description of these studies is presented in Table 1 . Thrust in the cervical spine (C5 -C6).
Sham (cervical rotation through the Activator instrument).
Sandell (6) n=17; Professional athletics; Average age of groups not displayed.
Thrust the sacroiliac joints and hip, depending on the assessment of mobility.
Sham (thrust without eliciting the cavitation effectsound of "click").
Shrier (15) n=17; Professional runners; Average age of groups not displayed.
Thrust applied in the lower back, thoracolumbar and lower limbs depending on the mobility assessment.
Sham (EMG electrodes were placed on the limbs and it was made known that they had the purpose of increasing energy and strength).
Note: n: sample size; CON: control; SD: Standard Deviation; INT: intervention; thrust: High-velocity low-amplitude manipulation. point estimates and variability.
a Item 1 does not contribute to total score.
Quality
The methodological quality of eligible articles are displayed in Table 2 . The total score according to PEDro scale ranged from 3-8, with an average of 5.6 points. All articles met the requirements for sample randomization, similarity between the groups in the "baseline" and the carrying out of intergroup comparison. The less often fulfilled items were the ones related to blinding of the therapists and allocation concealment. The registry was observed in two trials (15, 23) , sample size calculation was performed in two articles (15, 23) , and one study received funding (23).
Participants
There was some variability among the sports performed in the included articles: judo (6); handball (23); Basketball (2); athletics (6, 15) . Three studies (6, 15, 16) failed to show the average age of the volunteers, making it impossible to trace the general profile of the sample with respect to this variable.
Interventions
The region of the body where thrust was applied varied between the selected articles. In studies with the outcome hand-grip strength, manipulation was utilized on the cervical region (2, 16). As for the tests with the vertical jump outcome, in the Hedlund et al. study (23) , the technique was applied on the tibiotarsal joint, while Shrier, Macdonald and Uchacz (15) directed the intervention to the lower back, thoracic spine and / or legs, choice to be made depending on the assessment. The manipulation of the sacroiliac and hip joints was carried out in the study by Sandell, Palmgren and Björndah (6) which produced as an outcome the running speed, similar to those of Shrier's, Macdonald's and Uchacz's (15), previously described.
Measurement of outcomes
Hand-grip strength was measured by Hydraulic Dynamometers (2, 16) , and the vertical jump height was measured by an infrared optoelectronic system (23) . On the other hand, running speed was measured through Running Tests of 30 and 40 meters utilizing photocells (6, 15) .
Effects of thrust on the hand-grip strength
Two articles verified the effects of thrust on the hand-grip strength (2, 16) , with a total sample of 42 participants. There was no difference in hand-grip strength after the intervention, between the experimental and control groups, when analyzing the mean difference (2.8 kgf) and the confidence interval (-11.5 to 5.90) in the study by Humphries et al (2) .
Botelho and Andrade's result (16) also points out that there was no difference between the strength in the placebo and intervention groups. Although the authors conclude that there was an increase in the average power in favor of the intervention group, the confidence interval values indicate that there were no differences between groups (Sham or thrust) after intervention. It should be noted that in this study the authors assessed hand-grip strength in three varying moments after intervention in both arms, and the extent of a greater average increase strength in favor of the intervention group (2.73 kgf in the second measure of the left arm), the confidence interval values (-13.58 to 9.68) are indicative that this result must not be considered significant.
Effects of thrust on vertical jump height
Two articles assessed the effects of thrust on vertical jump height compared to Sham groups (15, 23) , with a total of 36 volunteers enrolled. According to Hedlund et al. (23) the thrust can increase the height of the jump, but for Shrier, Macdonald and Uchacz (15) the effect of thrust on jump height in the analyzed athletes is inconclusive. Looking at the difference between the intervention and Sham conditions, it can safely be assured that there was no difference in the height of jumps between the groups in the first study (mean difference of 0.47cm with a confidence interval -1.31 to 2.26), there was even a decrease in jump height in the second study (mean difference of 0.9 cm with a confidence interval of -0.9 to 2.8).
Effects of thrust on the running speed
Two articles analyzed the effects of thrust on the running speed, with a total of 34 volunteers enrolled (6, 15) . The running speed, which was estimated according to the time it takes to cover a certain distance, was higher (mean difference of 0.062 seconds with a confidence interval 0.00 to 0.13) in the experimental group in the study by Sandell, Palmgren and Björndahl (6) . Despite the mean differences observed it can be seen by the confidence interval that the result is not indicative of significance. In the study by Shrier, Macdonald 
Discussion
This systematic review aimed to synthesize and critically analyze the current available evidence on the effects of thrust on the performance of professional and recreational athletes. All items included in this study estimated the effects of thrust compared to Sham (2, 6, 15, 16, 23) . Overall, there was no difference between the experimental and control groups. When the comparison results between the thrust and Sham groups reached a value of p < and Uchacz (15) the mean difference between the groups was -0.02 seconds (confidence interval -0.07 to 0.05), which is a non-significant result of the intervention. The results and conclusion of all studies are presented in Table 3. 0.05, the confidence intervals of values exceeded the nullity line, indicating that these differences were not significant.
The studies methodological quality was low on average, when analysis on the risk of bias was taken into consideration, with two of the articles included with scoring less than six in PEDro Scale (15, 23) and other with score of six (16) . Despite the importance of trial registration, it turned out only two studies performed this procedure (16, 23) and of the five articles included two reported with a certain degree of transparency how sample calculation was carried out (15, 23) . In addition, important topics such as location concealment and Measurement of Treatment Effect and variability have been reported in only one study (6) .
The search strategy utilized, in addition to database search tracked the references of the articles included in order to find potentially eligible studies. The search, therefore, identified the most controlled clinical trials which addressed the effects of thrust on athletic performance.
This study is probably the first systematic review that assesses the effects of thrust on outcomes directly related to athletes' performance. The results show that the available evidence bears no sufficient methodological quality to support the use or not of the intervention in this population. A wide range of sports modalities and technical application areas were found in the articles, which once added to the small amount of articles included limit the results interpretation.
Conclusion
Although thrust is widely used in sports in order to improve performance, current evidence is insufficient to determine the use or nonuse this intervention. Clinical trials with greater methodological rigor and with the largest number of volunteers is needed to allow for more consistent inferences about the effects of MAVBA performance athletes.
